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Abstract
We present extensively dense observations of the super-Chandrasekhar supernova (SC SN)
candidate SN 2012dn from −11 to +140 days after the date of its B-band maximum in the op-
tical and near-infrared (NIR) wavelengths conducted through the OISTER ToO program. The
NIR light curves and color evolutions up to 35 days after the B-band maximum provided an
excellent match with those of another SC SN 2009dc, providing a further support to the nature
of SN 2012dn as a SC SN. We found that SN 2012dn exhibited strong excesses in the NIR
wavelengths from 30 days after the B-band maximum. The H and Ks-band light curves ex-
hibited much later maximum dates at 40 and 70 days after the B-band maximum, respectively,
compared with those of normal SNe Ia. The H and Ks-band light curves subtracted by those
of SN 2009dc displayed plateaued evolutions, indicating a NIR echo from the surrounding dust.
The distance to the inner boundary of the dust shell is limited to be 4.8− 6.4× 10−2 pc. No
emission lines were found in its early phase spectrum, suggesting that the ejecta-CSM inter-
action could not occur. On the other hand, we found no signature that strongly supports the
scenario of dust formation. The mass loss rate of the pre-explosion system is estimated to be
10−6− 10−5 M⊙ yr−1, assuming that the wind velocity of the system is 10− 100 km s−1, which
suggests that the progenitor of SN 2012dn could be a recurrent nova system. We conclude
that the progenitor of this SC SN could be explained by the single-degenerate scenario.
Key words: supernovae: general — supernovae: individual (SN 2012dn) — supernovae: individual
(SNe 2009dc)
1 Introduction
Type Ia supernovae (SNe Ia) have been used to provide con-
straints on cosmological parameters through the use of their cal-
ibrated light curves (Riess et al. 1998; Perlmutter et al. 1999).
Strong correlations exist between the rate of decline of the light
curves and their absolute magnitudes (Phillips 1993; Phillips
et al. 1999; Altavilla et al. 2004; Wang et al. 2006; Prieto
et al. 2006; Folatelli et al. 2010). Homogeneous properties
are thought to be reproduced by the similar masses of the pro-
genitors (e.g., Branch et al. 1993, but see also Howell et al.
2006; Scalzo et al. 2010; Taubenberger et al. 2011 and therein).
This would support a scenario that a thermonuclear runaway oc-
curs at the center or off-center region of a white dwarf (WD),
when it reaches the Chandrasekhar limiting mass (∼ 1.4M⊙)
(Nomoto et al. 1984).
However, recently various observational outliers have been
discovered, including overluminous SNe Ia (e.g., Super-
Chandrasekhar SNe; Howell et al. 2006; Hicken et al. 2007;
Yamanaka et al. 2009; Tanaka et al. 2010; Yuan et al. 2010;
Scalzo et al. 2010; Silverman et al. 2011; Taubenberger et al.
2011; Scalzo et al. 2012; Chakradhari et al. 2014), which rep-
resent a sub-class of SNe Ia studied in this paper. Super-
Chandrasekhar SNe (SC SNe) have peculiar observational prop-
erties, e.g., an extremely high luminosity, slow rate of decline
of the optical light curves, typically very slow expansion veloc-
ity, and anomalous carbon absorption features (Yamanaka et al.
2009; Silverman et al. 2011; Taubenberger et al. 2011). The
large amount of the ejected 56Ni mass, as inferred from their
peak luminosities, cannot be explained by the Chandrasekhar-
limiting mass of the WD (Howell et al. 2006). Theoretical anal-
ysis of the light curves and spectra imply that the total ejected
mass could significantly exceed the Chandrasekhar-limiting
mass of a non-rotating WD and could even reach 2.0-3.0M⊙
(Taubenberger et al. 2011; Hachinger et al. 2012; Kamiya et al.
2012), although an asymmetricity of the ejecta without invoking
the large 56Ni mass has also been discussed (Hillebrandt et al.
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2007, but see Maeda & Iwamoto 2009; Tanaka et al. 2010).
Demonstrating the presence of circumstellar material (CSM)
is critical for providing a constraint on the progenitor nature of
an exploding star. The dense environment of the CSM could be
formed by the shell being ejected through the mass loss from
the companion star or through an optically thick wind arising
from the WD. This is expected from a single-degenerate sce-
nario (Nomoto 1982), while the environment surrounding two
WDs would be scarce in a double-degenerate scenario (Iben &
Tutukov 1984; Webbink 1984). Various possibilities for the ex-
istence of the CSM have been discussed, based on light echoes
in the late-phase light curve mostly in the optical wavelength
(Schaefer 1987; Sparks et al. 1999; Cappellaro et al. 2001; Patat
2005; Wang 2005; Patat et al. 2006; Quinn et al. 2006; Wang
et al. 2008; Crotts 2015; Drozdov et al. 2015) and time-variable
narrow absorption line systems for some SNe Ia (Patat et al.
2007; Simon et al. 2009). The stronger evidence of CSM has
been reported for a class of SNe Ia-CSM showing a clear sig-
nature of the hydrodynamical interaction between the SN ejecta
and the CSM (Hamuy et al. 2003; Dilday et al. 2012). We note
that another important clue, a non-degenerate companion star,
has been generally non-detected for normal SNe Ia either from
the direct detection in pre-SN images (Li et al. 2011; Kelly
et al. 2014) or the shock-heated early emission (Nugent et al.
2011; Yamanaka et al. 2014), while the possible signature has
been reported for SN 2012cg (Marion et al. 2016). These var-
ious methods for detecting a companion star or CSM have not
been applied to SC SNe to date.
Thermal emission from CS dust radiated by light originat-
ing from the central SN can also be detected in near-infrared
(NIR) wavelength observations (Maeda et al. 2015) if CS dust
is present. However, the geometrical structure of the progeni-
tor system may affect the ability to detect such signatures. In
any case, if the signatures of the CSM are acquired on subpar-
sec scales, the nature of the progenitor should be limited to the
single degenerate state.
SN 2012dn was discovered at a magnitude of 16.3 on Jul
13.3 (UT) 1 in the nearby galaxy, ESO 462-16 (µ=33.15; Bock
et al. 2012). Its spectrum resembled that of SC SN 2006gz at 10
days before maximum (Parrent & Howell 2012). Chakradhari
et al. (2014) noted that the optical and ultraviolet properties of
SN 2012dn are similar to those of SC candidate SN 2006gz.
Therefore, SN 2012dn could be the nearest SC SN Ia candidate
to date. Parrent et al. (2016) performed the detailed spectral
analysis of SN 2012dn. They derived the ejected mass exceed-
ing 1.6M⊙, indicating that SN 2012dn is a SC SN Ia. They
also suggest that the origin of SN 2012dn might not be a merger
event.
In this paper, we present intensitively obtained sam-
ples of the optical and NIR observations of the super-
1 We adopted t = 0 as MJD 56132.39 derived by Chakradhari et al. (2014)
Chandrasekhar candidate SN 2012dn obtained through the
Target-of-Opportunity (ToO) program in the Optical and
Infrared Synergetic Telescopes for Education and Research
(OISTER). We focus on the NIR data, which have never before
been published. The NIR light curves and color exhibited strong
excesses after t = 30 d. The J , H , and Ks-band fluxes were
subtracted using the light curves of SN2009dc as a template.
We demonstrate that the subtracted light curves could be natu-
rally explained by dust echo models. The classification of SN
2012dn as a SC SN is also discussed using the NIR data. The
nature of the progenitor system is then discussed using the mass
loss rate and the distances to the CS dust shell derived from the
dust echo model. Finally, we present our conclusion that a SC
SN progenitor could originate from the single-degenerate sce-
nario.
2 Observations and data reduction
Using the OISTER (Itoh et al. 2013; Itoh et al. 2014; Ishiguro
et al. 2015; Kuroda et al. 2015; Yatsu et al. 2015; Yamanaka
et al. 2015), ToO program, observations were conducted for SN
2012dn between t = −7 and 140 d. Optical and NIR photo-
metric observations of SN 2012dn were performed using differ-
ent 10 telescopes, while spectroscopic observations were car-
ried out using one telescope.
2.1 Optical photometry
We performed B, V , R, I , and z′+Y -band photometric obser-
vations over 52 nights using the Hiroshima One-shot Wide-field
Polarimeter (HOWPol; Kawabata et al. 2008) installed on the
1.5-m Kanata telescope, U , B, V , R, and I-band observations
on 44 nights with the Multi-spectral Imager (MSI; Watanabe
et al. 2012) installed on the 1.6-m Pirka telescope, and B, V ,
I , g′, i′, z′-band photometric observations over 24 nights with
the Araki telescope DuaL-band imagER (Adler; Isogai et al.
2015) installed on the 1.3-m Araki telescope. The observato-
ries, telescopes, and instruments participating in this program
are summarized in Table 1.
We also performed g′, R, and I-band observations us-
ing a robotic observation system, the Multicolor Imaging
Telescopes for Survey and Monstrous Explosions (MITSuME;
Kotani et al. 2005), at the Okayama Astrophysical Observatory
(OAO) (Yanagisawa et al. 2010) on 67 nights; at the
Akeno Observatory on 11 nights; and at the Ishigaki-jima
Astronomical Observatory on 29 nights. Expanding the
OISTER collaboration, we performed B, V , R, and I-band
photometric observations on 29 nights using the 0.5-m (51-cm)
telescope at Osaka Kyoiku University. The Kyoto Okayama
Optical Low-dispersion Spectrograph (KOOLS; Yoshida 2005)
attached to the Cassegrain focus of the 1.88-m OAO telescope
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Fig. 1. U , B, g′, V , R, I, i′, z′ + Y , J , H and Ks-band light curves of SN 2012dn. The U , B, V , R and I-band light curves are consistent with those
presented in Chakradhari et al. (2014). Corrections have been made for Galactic and host galactic extinctions. The legend denotes the photometric data
obtained by each instrument. The detailed observational modes are listed in Table 1.
was used for observations of the photometric standard stars on
one night. These data were reduced using a standard proce-
dure for charge-coupled device (CCD) photometry. The ob-
tained data were reduced according to a standard procedure for
ground-based observations. We performed point spread func-
tion (PSF) fitting photometry using the DAOPHOT package of
the IRAF 2 reduction and analysis software.
2.2 Near-infrared photometry
J , H , and Ks-band photometric observations were performed
over 80 nights using the Simultaneous three-color InfraRed
Imager for Unbiased Survey (SIRIUS; Nagayama et al. 2003)
installed on the 1.4-m InfraRed Survey Facility (IRSF) tele-
scopes at the South Africa Astronomical Observatory (SAAO);
the Nishi-harima Infrared Camera (NIC) installed at the
Cassegrain focus of the 2.0-m Nayuta telescope at the Nishi-
Harima Astronomical Observatory on 21 nights; and the
InfraRed Camera installed on the 1.0-m telescope at the Iriki
Observatory on 24 nights. The sky background was subtracted
using a template sky image derived from each dithering obser-
vation set. PSF fitting photometry was conducted in a similar
2 IRAF is distributed by the National Optical Astronomy Observatories, op-
erated by the Association of Universities for Research in Astronomy, Inc.,
under contract to the National Science Foundation of the United States.
manner to the optical.
2.3 Photometric calibrations
Photometric calibrations were performed using a similar
method to Yamanaka et al. (2015). Relative photometry was
carried out using the local reference stars in the field of SN
2012dn. For the NIR data, the 2MASS catalog magnitudes were
used for the reference stars (Persson et al. 1998). A square av-
erage of the standard deviation of the SN and the systematic
error of the reference star magnitudes were adopted for the ob-
servational errors. A summary of the results of the photome-
try is listed in Table 1− 7. Photometric data for standard stars
in the SA 111, SA 112, and SA 113 regions (Landolt 1992),
which were obtained using HOWPol, MSI, Adler, and KOOLS
on photometric observation nights, were used to calibrate the
U , B, V , R, I , g′, i′, and z-band magnitudes of the reference
stars. Using these magnitudes, relative photometry for the SN
was performed. The calibrated reference magnitudes were con-
sistent with those of Chakradhari et al. (2014), which lay within
the error. Note that we reduced the systematic error for the var-
ious instruments using a color-term correction in a consistent
manner and included newly performed observations of the stan-
dard stars in the M67 (Stetson 1987) and SA98 (Landolt 1992)
regions.
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2.4 Optical spectroscopy
We performed optical spectroscopic monitoring using HOWPol
over a period of 30 nights. The wavelength coverage was
4, 500− 9, 000 A˚ and the spectral resolution was R=λ/∆λ ∼
400 at 6,000 A˚. During the data reduction procedure, the wave-
lengths were calibrated using telluric emission lines acquired in
the object frames. The fluxes were calibrated using the frames
of spectrophotometric standard stars taken on the same night as
the object data. We removed strong telluric absorption features
from the spectra using the spectra of high-temperature standard
stars.
3 Observational properties
3.1 Light curves
Figure 1 shows the multi-band optical and NIR photometric
data for SN 2012dn, where the magnitudes have already been
corrected for Galactic and host galactic extinctions (Schlafly &
Finkbeiner 2011; Chakradhari et al. 2014). U , B, V , R, and I-
band data were consistent with those reported by Chakradhari
et al. (2014), which lay within our error. The NIR light curves
exhibited a single-peaked maximum, except for the J-band.
Redder-band light curves arrived at their maximum at a later
epoch. The H and Ks-band maxima were particularly visible
at ∼ 40 and ∼ 70 days after the B-band maximum date, respec-
tively. Such large delays have never been found in any SNe Ia
to date.
Figure 2 provides a comparison of the optical U , B, V , R,
and I-band light curves with those of SNe 2001el (Krisciunas
et al. 2004) and 2009dc (Yamanaka et al. 2009; Silverman et al.
2011; Taubenberger et al. 2011). The U -band data provide bet-
ter coverage than those presented by Chakradhari et al. (2014).
The rising part of the U -band light curve exhibited a slightly
slower evolution than that of typical SN 2001el, while it was
similar to that of another SC SN 2009dc (Taubenberger et al.
2011). The U -band maximum date was consistent with those of
SNe 2001el and 2009dc. The rates of decline of the light curves
for all bands were much slower than those of SN 2001el. The
B-band light curve showed a significantly faster evolution than
that of another SC SN 2009dc. The decline rates of the U , V , R
and I-band light curves were relatively similar to those of SN
2009dc.
Figure 3 provides a comparison of the absolute magnitude
light curves in the J , H , and Ks bands of SN 2012dn with those
of SNe 2001el and 2009dc. Additional data for SN 2009dc from
Friedman et al. (2015) were included for this comparison. The
light curves shown in Fig. 3 are the average of those of obtained
within a night. The J-band light curve of SN 2012dn exhibited
first and secondary maxima. The first peak was reached a few
days after the B-band maximum, while for typical SN 2001el
the first peak was reached a few days before the maximum. The
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Fig. 2. UBV RI-band light curves of SN 2012dn compared to another
well-observed SC SN 2009dc (Yamanaka et al. 2009; Silverman et al.
2011; Taubenberger et al. 2011) and a typical SN Ia 2001el (Krisciunas et al.
2004). Our data are denoted by the red-filled circles. Those of SNe 2001el
and 2009dc are denoted by the blue diamond and green pentagons, respec-
tively. The magnitudes were artificially shifted to their maximum for compari-
son. The data were stacked into the averaged magnitudes within a day from
our data.
secondary peak occurred at t = 35 d, which was similar to that
of typical SN 2001el. The magnitude of the J-band secondary
maximum was ∼ 0.2 mag fainter than the first, while that of
SN 2001el was ∼ 1.5 mag fainter. The overall shape was fairly
similar to that of SN 2009dc up to t= 40 d, but the decline rate
after t= 40 d was much lower than that of both SNe.
For the H band, the magnitudes reached the maximum at
around t = 40− 50 d. The light curve almost linearly declined
from t = 40 d until t = 140. The rate of decline was estimated
to be 2.5 mag per 100 d between t = 40 and 120 d, which was
much slower than the 3.8 mag per 100 d between t= 20 and 60
d for the typical SN 2001el. The shape of the light curve was
comparable to that of SN 2009dc up to t = 20 d, but the light
curve was less luminous up to t= 40 d. SN 2012dn had a much
more luminous absolute magnitude than SN 2009dc after t=45
d, and the decline rate was much slower between t=45 and 110
d.
For the Ks band, the above trend became even more notice-
able. The light curve increased rapidly until t = 0 d and then
slowly evolved between t=0 and 40 d. The light curve reached
its maximum at t=60−70 d. The decline rate was estimated to
be 2.0 mag per 100 days between t = 70 and 140 d, indicating
that it had the slowest decline among the U to Ks bands. The
shape of the light curve of SN 2012dn was similar to that of
SN 2009dc up to t = 25 d. SN 2012dn became fainter than SN
2009dc after t = 40 d, while its magnitude was 1.5 times more
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Fig. 3. JHKs-band absolute magnitude light curves of SN 2012dn compared with those of SNe 2001el and 2009dc. Additional data for SN 2009dc from
Friedman et al. (2015) were included for comparison. The absolute magnitudes of SN 2012dn were calculated using a distance modulus of µ = 33.15 to the
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data taken within a day into the averaged magnitudes. This feature would not contradict to the general interpretations for the NIR excess we examined in this
paper, but this may contain information to further constrain on details of each scenario. We postpone such a study to the future.
luminous than SN 2009dc between t= 85 and 110 d.
3.2 Color evolutions
Figure 4 provides a comparison of the V − J , V −H , and V −
Ks color evolutions with those of SNe 2001el and 2009dc. The
V − J color exhibited a slow evolution to a much bluer color
until t = 15 d. Thereafter, the color evolved to become redder
until t = 30 d, becoming flat between t = 30 and 100 d. The
V − J color of SN 2012dn was always redder than that of SN
2001el, but was similar to that of SN 2009dc until t=40 d while
reddening after t= 40 d.
The V −H and V −Ks color evolutions are notable. The
V −H color exhibited a monotonous evolution to a much redder
color until t = 40 d. Thereafter, the evolution slowed slightly
until t=70 d. The evolution up to t=40 d was similar to that of
SNe 2001el and 2009dc, while the color became much redder
than both SNe after t= 40 d. Similar trends were confirmed for
V −Ks, with the evolution up to t = 40 d being similar to that
of both SNe. The color was approximately ∼ 3.0 mag redder
than that of both SNe at t= 60− 70 d.
Figure 4 also shows the J −H , J −Ks, and H −Ks color
evolutions compared with those of SNe 2001el and 2009dc. The
color evolutions exhibited rather interesting behavior. The J −
H color of SN 2012dn was always bluer than that of SN 2001el
after t = 10 d. The color began to evolve to be bluer up to
t= 30 d, similar to that of SN 2001el. The color evolution was
also almost as fast as that of SN 2001el after t= 30 d, while the
color was bluer. In comparison with SN 2009dc, the color was
similar to that until t= 35 d, after which it became redder.
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Similar trends were observed in the J −Ks color evolution.
The break points at t= 30 d came slightly earlier than those of
SN 2001el, and the evolution slope was marginally bigger after
the t = 30 d period. The color became redder than that of SN
2001el after t=50 d, but the color evolution was similar to that
of SN 2009dc up to t = 30 d, becoming much redder than that
of SN 2009dc at t= 35 d.
The H −Ks color evolution was similar to that of SNe
2001el and 2009dc until t= 30 d. Thereafter, the color evolved
to become redder while those of SNe 2001el and 2009dc be-
came bluer. The deviation of the H−Ks color evolution of SN
2012dn implies that there is an external component in the NIR
region. The subtraction of the NIR light curves by those of SN
2009dc is carried out in §5.1 to clarify the nature of this external
component.
3.3 Bolometric luminosity
The BV RI and BV RIJHKs -band integration light curves
were constructed using the full width half maximum (FWHM)
and the center wavelengths of their passband (Fukugita et al.
1996). Galactic and host galactic extinctions were corrected us-
ingE(B−V )=0.1 (Chakradhari et al. 2014). A distance modu-
lus of µ=33.15 was adopted (Theureau et al. 1998). Additional
data from Chakradhari et al. (2014) were also included. The
optical-NIR integration light curve was compared with the op-
tical alone to assess whether the NIR excess originated from a
different component from the SN emission. For comparison,
the BV RIJHKs and BV RI -band integration light curves of
another SC SN 2009dc and the template SN Ia were also con-
structed (Hsiao et al. 2007) (see Fig. 5). The absolute magni-
tudes of the template were obtained from the decline rate for a
normal SN Ia (∆m15(B)= 1.1; Phillips et al. 1999)
The peak luminosity was estimated to be 7.0×1042 erg s−1.
Assuming that the luminosity was 60% in the BV RIJHKs-
band coverage region (Stritzinger et al. 2006), the quasi-
bolometric luminosity was calculated to be 1.2× 1043erg s−1.
The luminosity was 25% fainter than the luminosity estimated
using a similar method by Chakradhari et al. (2014). This dif-
ference could be caused by a systematic error. The peak lumi-
nosity was slightly fainter than that of the template light curve,
indicating that the absolute luminosity of SN 2012dn was simi-
lar to normal SNe Ia. The peak luminosity was 2.3 times fainter
than that of the extremely luminous SN 2009dc.
There was a slight difference in the decline of the light
curve between the optical and optical-NIR integrations. The de-
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cline rate of the BV RIJHKs-band light curve between t = 0
and 75 d was estimated to be 8.5×1040 erg s−1 d−1, which
was marginally slower than the 8.7 × 1040 erg s−1 d−1 for
the BVRI-band integration. The difference increased at later
epochs. The decline rates of the BVRIJHKs and BV RI-
band integration light curves of SN 2009dc were comparable.
The both light curves exhibited the faster decline than the
analytical models after t= 80 d. Later-epoch light curve for an
another SC SN 2006gz also exhibited faster decline (Maeda &
Iwamoto 2009; Chakradhari et al. 2014). Those of SNe 2007if
and 2009dc were quite slower (Chakradhari et al. 2014). There
could be diversity of the light curve decline among SC SNe.
Thus, the faster decline of the light curve of SN 2012dn could
be intrinsic. On the other hand, the NIR light curves exhibited
slower evolution after t = 80 d, indicating the echo component
(see §5.2.2), but the energy contributions were relatively small.
The evolution of the NIR contribution was then investigated.
The lower panel of Fig. 5 shows the time evolution of the NIR
flux fraction in the optical-NIR integration light curve. The NIR
flux dramatically increased after t= 15 d. This was earlier than
our expectation based on a comparison of the color evolutions
with those of SNe 2001el and 2009dc (see §3.2). The NIR flux
contribution became 35 % of the total optical-NIR integration
flux at t = 110 d. On the other hand, the NIR contributions
of normal SNe Ia and 2009dc were lower than those at earlier
epochs (Sollerman et al. 2004; Wang et al. 2009). This was a
unique feature of SN 2012dn.
3 http://bruford.nhn.ou.edu/ suspect/index.html
4 http://wiserep.weizmann.ac.il/
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Measurements of the absorption lines were performed using the splot com-
mand in IRAF . The error was calculated by summing the standard devia-
tions and wavelength resolution.
3.4 Spectral properties
The spectral evolution of SN 2012dn is shown in Fig. 6. The
wavelengths of the data were corrected using the recession ve-
locity of the host galaxy (Theureau et al. 1998). The spectra
exhibited the multiplet of the Fe II, Si II, S II W-shape fea-
tures, the Ca II IR triplet, and the O I, indicating that this SN
should be classified into the subclass of SNe Ia (Branch et al.
1993). The strong C II λ6580 and λ7234 absorption lines were
detected until t = 25 d, which was 10 days later than the last
one reported by Chakradhari et al. (2014), although these may
be contaminated by Fe II absorption during the later phase be-
cause emission lines from iron-group elements are dominant in
the inner-ejecta region. The C II absorption lines after the B-
band maximum are also confirmed in SN 2009dc (Yamanaka
et al. 2009).
We measured the absorption minima, O I λ7774, Si II λ6355,
and S II λ5640. The line velocities of these features of the
normal SN 2003du (Stanishev et al. 2007) and SC SN 2009dc
were also measured in the same manner. The measured fea-
tures were identified as indicated in the lower panel of Fig. 6 by
comparison with those of well-studied SC SNe (Hicken et al.
2007; Yamanaka et al. 2009). The line velocity evolutions are
also shown in Fig. 7. The decline rate of the line velocity evolu-
tion of S II was the largest among these features. Similar trends
were also detected in SNe 2003du and 2009dc. The Si II line ve-
locity exhibited a moderate decline, which was similar to those
of SNe 2003du and 2009dc. In contrast to the decline rates of
Si II and S II, the decline rate of the O I line velocity was much
larger than that of SN 2009dc. Finally, the velocities of all the
elements were 1.3− 1.7 times faster than those of SN 2009dc,
but similar to those of SN 2003du near the B-band maximum.
4 Classification as a super-Chandrasekhar
SN Ia
Chakradhari et al. (2014) reported that the spectral properties
displayed a resemblance to those of the SC SN candidate SN
2006gz. The strong C II and shallow Si II absorption lines were
similar to those of other SC SNe, and the line velocities were
comparable to those of SN 2006gz, rather than the SNe 2003fg
and 2009dc. They concluded that SN 2012dn could be classified
as a SC SN. Here, we support their results by focusing on the
NIR observational properties.
The light curves a normal SN Ia exhibited, the characteristic
structures around t=20−30 d, e.g., the shoulder-like structure
of the R-band. For normal SNe Ia, the secondary maximum
magnitudes of the I and J-band light curves were much fainter
than the first peak. On the other hand, SNe 2012dn and 2009dc
exhibited much flatter shapes in all bands than those of normal
SN 2001el. Moreover, the shapes of the light curves of SNe
2012dn and 2009dc up to t= 40 d were extremely similar.
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Similar trends were also exhibited by the color evolutions.
The V − J , J −H and J −Ks color evolutions demonstrated
an excellent match with those of SC SN 2009dc, while remain-
ing quite distinct from those of normal SNe Ia. Contrastingly,
V −H and V −Ks color evolutions were well similar to those
of SNe 2001el and 2009dc, while the V , H , and Ks-band light
curves were quite different. The NIR light curves and color evo-
lutions among the SNe Ia exhibited greater homogeneous char-
acteristics than those of the optical (Jack et al. 2012; Dhawan
et al. 2015).
The estimated ejecta mass ranged from ∼ 1.8− 2.2M⊙ us-
ing various approaches (see Appendix 1), indicating that the to-
tal ejected mass could be much larger than the Chandrasekhar-
limiting mass of a non-rotating WD (but, see Parrent et al.
2016). Such a mass range for SN 2012dn is roughly con-
sistent with those derived from the light curve and spectral
analysis of SC SNe (Scalzo et al. 2010; Silverman et al.
2011; Taubenberger et al. 2011; Kamiya et al. 2012; Hachinger
et al. 2012). We conclude that SN 2012dn should be classified
as a SC SNe.
5 Discussion
5.1 NIR excess
SN 2012dn shows an additional and extremely long-duration
component in the NIR light curves. In the following sections,
we extract this NIR component using light curve subtraction,
and analyze the spectral energy distribution using dust models.
5.1.1 NIR light curve subtraction
The subtraction of the J , H and Ks-band fluxes by those of an-
other SC SN 2009dc, was performed to derive the origin of the
NIR excess. The J , H , and Ks-band light-curve shapes exhib-
ited the excellent matches to those of SN 2009dc up to t=40 d,
indicating that the intrinsic NIR light-curve behavior is almost
the same to that of SN 2009dc while the absolute luminosities
were different. From this striking similarity, we hereafter as-
sume that the behavior intrinsic to the SN components are the
same between SNe 2012dn and 2009dc, and we discuss the ori-
gin of the difference between two SNe. While we believe this is
a reasonable assumption, further justification of this assumption
will require a larger sample of NIR light curves of SC SNe Ia,
highlighting the importance of intensive NIR follow-up obser-
vations of SC SNe Ia.
First, the J , H , and Ks-band absolute magnitudes of SNe
2009dc and 2012dn were measured at their B-band maximum.
The fluxes were converted from these magnitudes using the
FWHMs of the filter passbands and zero magnitude fluxes
(Fukugita et al. 1996; Bessell 1990). The fluxes of SN 2012dn
were subtracted by those of SN 2009dc. Stretching of the light
curves was not performed because the JHKs-band light curves
of SN 2012dn were similar to those of SN 2009dc up to t= 30
d (see §4). When the fluxes of SN 2009dc were absent during
the same epoch as those of SN 2012dn, the interpolation was
performed for the fluxes of SN 2009dc. The subtracted fluxes
were converted into absolute magnitudes and are plotted in Fig.
8.
The subtracted H and Ks -band light curves exhibited linear
rises until t = 40 and 50 d, respectively, and the H and Ks-
band peak magnitudes reached −18 and −18.5 mag, respec-
tively. Thereafter, they exhibited notable plateaus in the H and
Ks bands. The subtracted J-band component began to be visi-
ble at a magnitude of −15.5 after t = 90 d, after the SN emis-
sion became sufficiently faint. Such plateau-shaped light curves
could naturally be explained by the NIR echo from the CS dust
(Maeda et al. 2015). Comparisons of the subtracted light curves
with the theoretical model will be performed in §5.2.2.
5.1.2 Dust model fitting
The SEDs of the subtracted H and Ks-band fluxes were con-
structed from the effective wavelengths of the passband of their
filters (Bessell 1990; Fukugita et al. 1996). Fitting to the sub-
tracted SEDs using the dust model from Kawabata et al. (2000)
was then performed adopting the following procedure. The dust
emission SEDs were calculated using the Mie theory for dust
opacities. The optically thin dust emissions were integrated on
the assumption of a distribution of the dust sizes; the power-law
index was assumed to be 3.5. We calculated two cases of the
dust composition: amorphous carbon and astronomical silicate
(Kawabata et al. 2000). The dust temperatures and masses were
given as variable free parameters. The temperatures were varied
at every 100 K in the range between 500 and 2500 K, and the
dust masses varied from 10−6 to 10−4 M⊙. To derive the most
reliable parameters, a least-squares method was adopted. The
SED and dust model evolutions are shown in Fig. 9. We found
that SED fitting after t= 45 d was more reliable.
The temperature evolution was derived from the SED fitting
analysis. Figure 10 shows that the dust temperature evolution
exhibited an exponential decrease between t = 40 and 100 d.
In particular, it seems to exhibit a flat evolution after t = 60 d.
Figure 10 also shows that the dust mass evolution displayed an
increase from 10−6 to 10−4 M⊙. It appears to show a flat evo-
lution from t= 60 d, although this is later than the beginning of
the Ks-band plateau phase. Fitting to the J , H , Ks-band fluxes
was also performed between t = 90 and 110 d. These results
may be more reliable than just the H and Ks-bands because the
SN component was much fainter than the dust emission at this
point. We will discuss this in the following section, assuming
that the fitting result is significant only after t= 45 d.
Until now, amorphous carbon was used in the analysis of the
SED fits. We also attempted SED fitting at similar epochs using
the astronomical silicate model (Kawabata et al. 2000). Figure
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9 shows a comparison of the dust emission SED of amorphous
carbon with that of astronomical silicate at t = 70 d. The tem-
peratures used to explain the SEDs among these phases ranged
from 1200−2200 K and were significantly higher than the evap-
oration temperature of astronomical silicate, ∼ 1000K (Nozawa
et al. 2003). This means that the dust that accounts for the NIR
excess of SN 2012dn could almost completely be dominated by
amorphous carbon. We will discuss the origin of this dust in
the following section, and adopt amorphous carbon with a grain
size of 0.01µm.
5.2 Origin of the dust
The near-infrared excess related to the dust has previously
been discussed for several core collapse SNe (Bode & Evans
1980; Dwek et al. 1983; Dwek 1983; Gerardy et al. 2000; Pozzo
et al. 2004; Mattila et al. 2008; Di Carlo et al. 2008; Fox et al.
2009; Andrews et al. 2011; Maeda et al. 2013; Gall et al. 2014).
However, there have been only a few discussions regarding
dust signatures for the subclass of SNe Ia, i.e., SN 2005gj-
like events (Fox et al. 2013). SN Iax 2014dt also exhibited a
possible mid-infrared (MIR) excess in the intermediate phase,
suggesting that dust emission could arise from an NIR echo
or other mechanisms (Fox et al. 2016). They also presented a
Ks-band light curve which might show a glowing excess, while
they did not discuss the origin of the possible Ks-band excess.
The scenarios that could explain the NIR excesses include (i)
ejecta cooling condensations, (ii) light echo from the interstel-
lar/circumstellar medium, and (iii) dust formation through the
interaction of the ejecta with the CSM. For SN 2012dn, no emis-
sion lines were found in its early spectrum, indicating that the
ejecta-CSM interaction scenario is unlikely.
5.2.1 Dust formation
The NIR echo scenario could be naturally acceptable by the fact
that the NIR light curves subtracted by those of SN 2009dc ex-
hibited definitively trapezoidal shapes (see §5.2.2). The dust
formation scenario does not explain the serendipitous reproduc-
tion of such plateau evolutions. Most SNe that undergo dust
formation exhibit a significant increase in the NIR fluxes, e.g.,
as observed in SN IIn 2005ip (Fox et al. 2009). The blueshift of
the emission lines, the sudden drop in the optical luminosity, a
slight increase in the NIR emission, the reddening of the optical
color, and the evolutions of the optical depth were not found in
observations of SN 2012dn. To clarify these points, we discuss
in this section whether the dust formation scenario can explain
the NIR excess observed in SN 2012dn or not.
Recently, it has been reported that SC SNe have a relatively
fast decline in their optical light curves between t = 200 and
400 d (Maeda et al. 2009; Taubenberger et al. 2011). Analysis
suggests that this fast decline may be related to dust formation
scenario. For SN 2012dn, Chakradhari et al. (2014) reported
that the optical light curves exhibited a faster evolution between
t = 50 and 100 d compared with those of other SC SNe 2007if
and 2009dc, but were similar to those of SN 2006gz. The au-
thors suggested that dust condensation may occur from t = 50
d, which was much earlier than that discussed for other SC SNe.
Indeed, the optical-NIR integration light curve exhibited a
similar decline rate to that of SN 2009dc (see §3.3). Such
serendipitous consistency may be explained by re-emission
from the newly formed dust absorbing the SN emission.
However, it is not clear whether the consistent evolution of the
SN light curves are intrinsic or not.
From a theoretical point of view, Nozawa et al. (2011) pre-
dicted that dust formation should occur at a much later epoch,
i.e., a year after the explosion. Furthermore, a higher-density
ejecta relative to a normal SN Ia could further delay dust for-
mation. Therefore, the timescale of the NIR increase seems to
be too short to be consistent with the dust formation scenario.
If typical-sized dust forms via ejecta cooling, the bluer band
color should experience more substantial extinction. In our
case, the U −B color did not exhibit significant reddening be-
tween t = 30 and 60 d (Chakradhari et al. 2014), and the evo-
lution was similar to that of SN 2009dc. On the other hand, the
B−V color was ∼ 0.4 mag redder than that of SN 2009dc be-
tween t=30 an 60 d. Other optical colors were similar to those
of SN 2009dc (Chakradhari et al. 2014). Therefore, if the dust
formation would be responsible to the fast decline in the optical
light curve, anomalous dust with wavelength independent opac-
ity is needed to explain these similar color evolutions, e.g., a
gray dust.
SED fitting analysis either does not favor the dust formation
scenario. The optical depth evolution could show a rapid in-
crease if dust formation occurs in the ejecta, as observed in Type
Ibn SN 2006jc (Di Carlo et al. 2008; Mattila et al. 2008; Sakon
et al. 2009). The optical depth did not exhibit the dramatical
evolution among t = 40 and 70 d, suggesting that mass evolu-
tion by the newly formed dust was unconfirmed. The dust mass
evolution also exhibited a flat evolution until t = 100 d, imply-
ing that no new dust formation occurred between t = 40 and
100 d (see Figure 10). All these arguments presented in this
subsection support the NIR echo scenario rather than the dust
formation.
5.2.2 Light echo from circumstellar dust grains
The subtracted H and Ks-band light curves exhibited flat evo-
lutions between t = 50 and 110 d. A NIR echo could be the
most plausible scenario to explain such flat evolutions (Dwek
1983; Chevalier 1986). A comparison of the subtracted light
curves with those predicted by the theoretical model (Maeda
et al. 2015) was performed in two cases. Estimating the dis-
tances to the CS dust using the epoch of the beginning of the
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NIR echo and the duration of the plateau, we investigated the
distance over which the dust can survive in the SN radiation
field.
The duration of a light curve is determined by the spatial
extent of the interstellar/circumstellar dust. Dust emission that
is thermalized by the radiation of the central SN is seen by an
observer. For a sample of normal SNe Ia, Maeda et al. (2015)
provided upper limits for the CS dust masses and their distances
from SNe by comparing the predicted NIR echo light curves
with observations. We attempted to compare the JHKs-band
light curves of SN 2012dn with the theoretical light curves as
shown in Fig. 8. To explain the subtracted J , H and Ks-
band luminosity, the dust mass should be 5.5× 10−4 − 1.5×
10−5 M⊙, with the dust assumed to have a shell-like geometry
and consist of amorphous carbon. The distances to the dust in
the model were assumed to be ∼ 4.8× 10−2 − 6.0× 10−2 pc.
It should be emphasized that this model can simultaneously ex-
plain all NIR-band luminosity with consistent masses, indicat-
ing the consistency in the dust temperature between the model
and in SN 2012dn. However, it does not explain the rising part
of the subtracted light curves.
A spherically symmetric shell cannot explain the time de-
lay at the beginning of the NIR echo. The dust would not be
distributed around the crosspoint between the line-of-sight di-
rection and the circular. The smallest distance was calculated to
be ∼ 2.0× 10−2 pc if the dust was located on the opposite side
of the SN to the Earth, although such geometry is highly un-
likely. The longest distance is limited by the intensity of the SN
radiation and the temperature of the dust (this will be discussed
in the following paragraph). Thus, we suggest that a reasonable
distance could be greater than 2.0×10−2 pc, which is not incon-
sistent with the distances estimated from the theoretical model.
An axisymmetrically circular arc shell could explain such a de-
lay. Alternatively, a highly inclined ring-like shell could be also
considered. Future work on the NIR echo emission for a SC SN
Ia will deal with such problems. The nature of the pre-explosion
system is discussed, using these distances and CS dust shell ge-
ometries, in §5.3.
The minimum dust cavity size can also be limited using the
peak luminosity because the strong radiation field can break up
the dust particles (Dwek 1983). The scaling method for the
parameters of the well-studied SN to those of SN 2012dn is
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used along with Eq. (5) presented in Fox et al. (2009). SED
fitting estimated the dust temperature to be Td ∼ 1300 K at the
plateau phase. The peak luminosity was already estimated to be
L=1.2×1043 erg s−1 from the BV RIJHKs-band integration
light curves (see §3.3). We used the following parameters for
the scaling method: a dust cavity size of r = 6.0× 1016 cm,
temperature of Td = 1900 K, and Lpeak = 1.4× 1043 erg s−1
for Type II SN 1980K as a template (Dwek 1983). The size
of the dust cavity was estimated to be ∼ 1.4× 1017 cm, which
corresponds to 4.6× 10−2 pc. This is consistent with the size
estimated from the theoretical NIR echo model.
We have presented an illustration of the NIR echo scenario
by comparing the subtracted light curves with those predicted
by the theoretical model. The distance (∼ 4.8− 6.0× 10−2
pc) estimated from the theoretical model was consistent with
the lower limit (∼ 4.6× 10−2 pc ) set by the condition of the
dust evaporation. Indeed, this is in support of the NIR echo
scenario where the most significant contribution to the NIR LC
comes from the dust at the evaporation radius, even if the CSM
is distributed smoothly from the SN vicinity.
5.3 Implications for the progenitor system
A non-rotating WD explosion in the single-degenerate sce-
nario cannot reproduce the super-Chandrasekhar-limiting mass.
There are two possibilities to account for the large ejecta mass:
a rapidly-rotating WD or a double WD merger scenario. In
a recent hydrodynamic explosion model, the extremely large
luminosity (i.e., the large 56Ni mass) favors the detonation-
triggered spherical explosion of a rapidly rotating WD in the
single-degenerate scenario (Pfannes et al. 2010), while a violent
merger-induced explosion from the double-degenerate scenario
would explain the subluminous (Pakmor et al. 2010) or normal
SNe Ia (Pakmor et al. 2012).
A recurrent nova is an explosive event caused by thermonu-
clear runaway on the surface of the WD by accretion from a
companion star, e.g., a red giant star. If the mass accretion from
the companion is superior to the mass loss by the eruption, the
WD mass grew up to the limiting mass. Thereafter, the ther-
monuclear explosion of the entire WD material should occur
(Hachisu et al. 1999; Hachisu et al. 2012). The Roche lobe over-
flow caused by the binary interaction also leads to a dense en-
vironment surrounding the system. The single-degenerate sce-
nario favors such a dense environment around the progenitor.
The envelope predicted by the merger scenario would be ex-
pected to be ejected within ∼ 1 day after the disruption of the
secondary star (Yoon et al. 2007; Levanon et al. 2015; Tanikawa
et al. 2015). The interaction of the ejecta with such a close en-
velope may rather predict the UV excess at the earlier phase
(Scalzo et al. 2010; Scalzo et al. 2012; Brown et al. 2014; Brown
2014). The density on the subparsec scale is low because the
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time scale over which the merger event of the two WDs occurs
is very long due to the formation of the WD binary.
Our analysis found that the NIR echo light curve of SN
2012dn between t = 40 and 110 d is well explained by the
existence of CS material surrounding the pre-explosion system
in the single-degenerate scenario. Such an NIR echo implies
that the pre-explosion material existed at a distance greater than
∼ 4.6× 10−2 pc. Such distant material strongly supports the
presence of a wind from the pre-explosion system, e.g., a recur-
rent nova.
The mass loss rate of the pre-explosion system can be es-
timated within the framework of the NIR echo scenario. The
radius and the total mass of the CS dust are required. The
former was calculated using the timescale over which the NIR
echo luminosity sufficiently decreased, and was adopted to be
R = 1.8× 1017 cm. The total mass was adopted as Md =∼
5.5×10−4−1.5×10−3M⊙ from the comparison with the the-
oretical NIR echo. Given that the model overpredict the early
rising light curve, the mass should be reduced by a factor ∼ 2.
The gas-dust mass ratio was assumed to be Zd=0.01. The mass
loss rate was calculated to be 4.8×10−6−1.3×10−6M⊙ yr−1,
assuming that the shell velocity was 10 km s−1. The estimated
mass loss rate (∼ 10−6-10−5M⊙ yr−1) is roughly consistent
with those measured from Galactic recurrent novae (Hachisu
et al. 2000; Hachisu & Kato 2001).
The deep images of Galactic SN Ia progenitor candidates
V445 pup and RS Oph obtained several years after their erup-
tions have been reported (Woudt et al. 2009; Bode et al. 2007).
Axisymmetric bipolar shells formed by the ionized gases were
found, and these exhibited a mildly spread opening angle. The
time delay and durations of the NIR echo in SN 2012dn are
likely to be explained by such geometry even if the line-of-
sight direction is parallel to the CS shell plane. Another NIR
echo from the opposite side of the shell surrounding SN 2012dn
would reach us in the near future, depending on the geometry.
Alternatively, the interaction of emission from the collision of
the ejecta with the shell may be discovered. Assuming that the
ejecta velocity is ∼ 10,000 km s−1, the interaction will occur
in the early 2017.
6 Conclusion
In this report, we present the JHKs-band light curves of SN
2012dn exhibited maxima with unusually long durations. The
color exhibited a strong NIR excess from 30 days after the B-
band maximum. None of these phenomena have previously
been detected among SC SNe Ia so far, nor normal SNe Ia.
NIR light curves subtracted by those of SN 2009dc displayed
flat evolutions, indicating a NIR echo from the surrounding dust
shell to the SN. The fitting of the SEDs was performed using a
dust emission model with amorphous carbon and a maximum
grain size of 0.01µm. The dust mass evolution also exhibited
a plateau phase between t = 60 and 110 d. Comparison of the
subtracted light curve with the theoretical model provided a dust
mass of 5.5× 10−4 − 1.5× 10−3M⊙ and a distance of 4.8−
6.0×10−2 pc, suggesting the presence of circumstellar material
in the pre-explosion system.
If the pre-explosion system had a wind of velocity of 10-100
km s−1, the mass loss rate is estimated to be 10−6 − 10−5M⊙
yr−1, which is well consistent with those measured in Galactic
recurrent novae. The light curve and color evolution compar-
isons indicate that SN 2012dn should belong to the class of SC
SNe, while the total ejecta mass could be 1.8-2.2M⊙ . We con-
clude that a SC SN should originate from a WD explosion in
the single-degenerate scenario.
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Appendix 1 Estimate of the ejecta mass
The total ejecta mass was estimated with a scaling method using
Arnett’s rule (Arnett 1982) by comparison with a normal SN Ia.
The slower light curve evolution indicates a greater ejecta mass
if the line velocities are similar. The line velocity of SN 2012dn
was almost the same as that of a low-velocity SN Ia at a similar
epoch while the light curve evolutions were much slower. This
suggests that the total ejecta mass could be significantly larger
than that of a normal SN Ia.
Tanaka et al. (2011) presented an ejecta mass of ∼ 1.4M⊙
and kinetic energy ∼ 1.3×1051 erg s−1 for normal SN 2003du.
These ejecta properties were adopted as zero points in the scal-
ing method The velocities obtained by the same absorption lines
were used for the scaling. We adopt the S II velocities, since the
S II line formation region was located in the inner part of the
ejecta compared with that of SiII (see Fig. 7). The line veloci-
ties of these SNe were derived as vS ii,12dn ∼ 9500 km s−1 and
vS ii,03du ∼ 9000 km s−1 at the t= 5 d. Arnett’s rule is defined
as,
τ ∝M
3/4
ej ·E
−1/4
K , (A1)
v ∝M
−1/2
ej ·E
1/2
K . (A2)
Here, τ is the timescale of the light curve and v is the expan-
sion velocity. The light curve timescale was adopted to de-
scribe the decline rate of the B-band light curves. The ratio was
given as τ12dn ∼ 1.08 and τ03du ∼ 0.83 from the inverse of the
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∆m15(B)12dn = 0.92 and ∆m15(B)03du = 1.02 (correspond-
ing to the stretch factors). The total ejecta mass was estimated
to be Mej,12dn ∼ 1.8M⊙ from Mej,03du = 1.4M⊙ . The total
ejected mass significantly exceeds the Chandrasekhar-limiting
mass of the WD.
A cross check was performed using scaling from the param-
eters of another SC SN 2009dc. An ejecta mass of∼2.4M⊙ and
Ek = 0.9× 10
51 erg s−1 were adopted as zero points (Kamiya
et al. 2012). The line velocity of S II at t= 5 d was measured to
be ∼ 6000 km s−1 (Yamanaka et al. 2009) and the decline rate
was ∆ m15(B)∼ 0.7 (Yamanaka et al. 2009; Silverman et al.
2011; Taubenberger et al. 2011). The total ejecta mass of SN
2012dn was estimated to be ∼ 2.2M⊙, which is slightly larger
than that estimated above.
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Table 1. Summary of the properties of the telescopes, instruments, and observatories.
Observatory Telescope Instruments Filters/Resolutions Number of nights
NOa 1.6m Pirka MSIb U , B, V , R, I 44
R= 150 3
AOc 0.5m MITSuMEd CCD g′ , R, I 11
KAOe 1.3m Araki Adlerf B, V , I , g′ , i′ , z′ , 24
OKUAOg 0.5m Andor CCD B, V , R, I 15
ST10 CCD B, V , R, I 14
OAOh 0.5m MITSuMEd CCD g′ , R, I 67
188cm KOOLSi B, V , R, I 1
NHAOj 2.0m Nayuta NICk J , H, Ks 21
HHOl 1.5m Kanata HOWPolm B, V , R, I , z′ +Y 52
R= 400 30
IOn 1.0m IR Cam J , H, Ks 24
IAOo 1.05m MITSuMEd CCD g′ , R, I 29
SAAOp 1.4m IRSF SIRIUSq J , H, Ks 80
Note. aNayoro Observatory; bMultispectral Imager (Watanabe et al. 2012); cAkeno Observatory; dMulticolor Imaging Telescopes for Survey and
Monstrous Explosions (Kotani et al. 2005); eKoyama Astronomical Obsrvatory; fAraki telescope DuaL-band imagER (Isogai et al. 2015); gOsaka
Kyoiku University Astronomical Observatory; hOkayama Astrophysical Observatory; iKyoto Okayama Optical Low-dispersion Spectrograph (Ohtani
et al. 1998); jNishi-Harima Astronomical Observatory; kNishi-harima Infrared Camera; lHigashi-Hiroshima Observatory; mHiroshima One-shot Wide-
field Polarimeter (Kawabata et al. 2008); nIriki Observatory; oIshigaki-jima Astronomical Observatory; pSouth African Astronomical Observatory;
qNear-infrared simultaneous three-band camera (Nagayama et al. 2003)
Table 2. MSI photometry of SN 2012dn in the UBV RI bands
MJD Phase U B V R I
56122.6 -9.79 14.513(0.098) 15.172(0.016) 15.005(0.013) 14.974(0.025) 14.879(0.025)
56123.6 -8.79 14.379(0.098) 14.990(0.016) 14.856(0.011) 14.841(0.025) 14.759(0.026)
56124.6 -7.79 14.262(0.100) 14.881(0.017) 14.747(0.013) 14.726(0.035) 14.666(0.026)
56125.6 -6.79 14.169(0.101) 14.797(0.017) 14.640(0.012) 14.639(0.025) 14.596(0.031)
56126.6 -5.79 14.142(0.099) 14.597(0.020) 14.438(0.017) · · · · · ·
56128.6 -3.79 14.009(0.099) 14.551(0.020) 14.448(0.012) 14.442(0.025) 14.429(0.025)
56129.6 -2.79 · · · · · · 14.373(0.025) · · · · · ·
56131.6 -0.79 13.999(0.099) 14.532(0.017) 14.360(0.012) 14.334(0.025) 14.360(0.036)
56136.6 4.21 14.298(0.102) 14.543(0.017) 14.309(0.012) · · · · · ·
56137.7 5.31 · · · · · · 14.344(0.019) · · · · · ·
56138.6 6.21 14.321(0.110) 14.630(0.017) 14.373(0.013) 14.357(0.026) 14.373(0.040)
56142.6 10.21 · · · · · · 14.456(0.049) · · · · · ·
56145.6 13.21 · · · · · · 14.501(0.013) · · · · · ·
56146.5 14.11 15.069(0.098) 15.249(0.017) 14.542(0.012) · · · · · ·
56147.6 15.21 15.203(0.099) 15.326(0.017) 14.603(0.012) 14.504(0.025) 14.320(0.027)
56148.6 16.21 15.339(0.099) 15.487(0.017) 14.694(0.018) 14.575(0.025) 14.370(0.026)
56150.5 18.11 15.635(0.100) 15.677(0.017) 14.778(0.016) 14.631(0.026) 14.378(0.026)
56153.5 21.11 16.031(0.109) 16.009(0.020) 14.958(0.013) 14.701(0.025) 14.357(0.026)
56155.5 23.11 16.302(0.100) 16.226(0.016) 15.110(0.011) 14.784(0.025) 14.377(0.025)
56157.6 25.21 16.298(0.141) 16.412(0.018) 15.145(0.012) · · · · · ·
56160.5 28.11 16.622(0.195) 16.639(0.016) 15.299(0.012) · · · · · ·
56161.5 29.11 16.873(0.100) 16.719(0.018) 15.350(0.012) · · · · · ·
56166.5 34.11 16.950(0.120) 16.957(0.020) 15.552(0.023) · · · · · ·
56167.5 35.11 · · · 17.102(0.104) · · · · · · · · ·
56169.5 37.11 · · · 16.959(0.155) 15.574(0.024) · · · · · ·
56171.6 39.21 · · · 17.114(0.043) 15.713(0.016) · · · · · ·
56172.6 40.21 16.874(0.186) 17.136(0.023) 15.767(0.015) · · · · · ·
56173.5 41.11 · · · 17.117(0.021) 15.767(0.013) · · · · · ·
56174.5 42.11 · · · 17.265(0.091) 15.823(0.013) · · · · · ·
56175.5 43.11 17.431(0.123) 17.256(0.017) 15.856(0.013) · · · · · ·
56177.5 45.11 16.618(0.293) 17.253(0.017) 16.037(0.013) 15.609(0.030) 15.094(0.029)
56182.6 50.21 · · · 17.309(0.033) 16.028(0.014) · · · · · ·
56184.5 52.11 17.519(0.131) 17.474(0.027) 16.104(0.013) · · · · · ·
56187.5 55.11 · · · · · · 16.074(0.039) · · · · · ·
56188.5 56.11 17.861(0.274) 17.612(0.022) 16.207(0.019) · · · · · ·
56189.5 57.11 · · · 17.043(0.275) 16.191(0.025) · · · · · ·
56190.5 58.11 17.887(0.124) 17.484(0.021) 16.412(0.014) 16.073(0.027) 15.567(0.025)
56191.6 59.21 · · · · · · 16.270(0.052) · · · · · ·
56202.4 70.01 · · · 17.852(0.042) 16.851(0.019) 16.574(0.029) 16.107(0.034)
56205.5 73.11 · · · · · · 16.667(0.019) · · · · · ·
56207.5 75.11 · · · · · · 16.534(0.016) · · · · · ·
56224.4 92.01 · · · · · · 17.486(0.050) 17.252(0.052) 16.691(0.067)
56226.4 94.01 · · · · · · 17.360(0.044) · · · · · ·
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Table 3. MITSuME telescope photometry of SN 2012dn in the g′RI bands
MJD Phase g′ R I Observatories
56120.7 -11.7 15.407(0.107) 15.366(0.088) · · · IAO
56121.7 -10.7 15.162(0.107) 15.200(0.088) · · · IAO
56123.6 -8.8 14.821(0.030) 14.806(0.031) 14.723(0.038) OAO
56123.6 -8.8 14.830(0.031) 14.834(0.033) 14.801(0.040) OAO
56123.7 -8.7 14.838(0.107) 14.883(0.088) · · · IAO
56124.6 -7.8 14.544(0.025) · · · · · · AO
56124.7 -7.7 14.606(0.040) 14.748(0.037) 14.664(0.044) OAO
56125.6 -6.8 14.661(0.029) 14.638(0.030) 14.570(0.033) OAO
56125.6 -6.8 14.730(0.028) 14.616(0.030) 14.558(0.033) OAO
56125.6 -6.8 14.636(0.027) 14.613(0.029) 14.513(0.033) OAO
56126.6 -5.8 14.457(0.107) 14.540(0.088) · · · IAO
56126.6 -5.8 14.527(0.030) 14.531(0.032) 14.501(0.039) OAO
56126.6 -5.8 14.540(0.031) 14.539(0.032) 14.499(0.039) OAO
56126.6 -5.8 14.544(0.031) 14.519(0.033) 14.505(0.041) OAO
56127.7 -4.8 14.524(0.046) 14.439(0.037) 14.444(0.045) OAO
56127.7 -4.7 14.429(0.106) 14.511(0.087) · · · IAO
56129.7 -2.7 14.348(0.106) 14.412(0.087) · · · IAO
56131.6 -0.8 14.431(0.031) 14.334(0.030) 14.320(0.034) OAO
56131.7 -0.7 14.404(0.032) 14.280(0.034) 14.320(0.040) AO
56132.6 0.2 14.363(0.028) 14.320(0.029) 14.346(0.033) OAO
56132.6 0.2 14.393(0.027) 14.316(0.028) 14.325(0.032) OAO
56132.6 0.2 14.389(0.027) 14.304(0.028) 14.326(0.032) OAO
56133.6 1.2 14.391(0.030) 14.285(0.029) 14.307(0.033) OAO
56133.6 1.2 14.367(0.030) 14.304(0.028) 14.285(0.033) OAO
56133.6 1.2 14.380(0.027) 14.303(0.028) 14.320(0.032) OAO
56134.6 2.2 14.251(0.107) 14.284(0.088) 14.285(0.020) IAO
56134.6 2.2 14.341(0.026) 14.278(0.028) 14.308(0.032) OAO
56134.6 2.2 14.384(0.026) 14.293(0.028) 14.295(0.032) OAO
56134.6 2.2 14.364(0.026) 14.287(0.028) 14.304(0.032) OAO
56135.6 3.2 14.374(0.038) 14.312(0.030) 14.320(0.036) OAO
56135.7 3.3 14.329(0.106) 14.332(0.087) 14.318(0.014) IAO
56136.6 4.2 14.332(0.106) 14.325(0.087) 14.331(0.014) IAO
56136.6 4.2 14.334(0.035) 14.298(0.030) 14.291(0.036) OAO
56136.7 4.3 14.390(0.028) 14.286(0.029) 14.323(0.034) OAO
56137.7 5.3 14.489(0.041) 14.354(0.033) 14.337(0.039) OAO
56138.6 6.2 14.364(0.031) 14.325(0.031) 14.341(0.035) OAO
56138.6 6.2 14.493(0.032) 14.272(0.030) 14.343(0.034) OAO
56138.6 6.2 14.425(0.038) 14.340(0.030) 14.372(0.036) OAO
56139.5 7.1 14.762(0.077) 14.377(0.057) 14.453(0.079) OAO
56139.6 7.2 14.415(0.071) 14.262(0.032) 14.181(0.033) AO
56141.6 9.2 · · · 14.286(0.064) 14.187(0.033) AO
56141.7 9.3 14.578(0.035) 14.383(0.031) 14.328(0.036) OAO
56142.6 10.2 14.500(0.031) 14.383(0.030) 14.378(0.034) OAO
56142.7 10.3 14.560(0.030) 14.409(0.028) 14.336(0.034) OAO
56142.7 10.3 14.602(0.031) 14.343(0.029) 14.358(0.032) OAO
56143.6 11.2 14.644(0.026) 14.393(0.028) 14.361(0.031) OAO
56143.6 11.2 14.651(0.027) 14.390(0.028) 14.329(0.031) OAO
56143.6 11.2 14.648(0.026) 14.394(0.028) 14.327(0.030) OAO
56145.6 13.2 14.749(0.027) 14.437(0.030) 14.348(0.035) AO
56145.6 13.2 14.755(0.028) 14.442(0.029) 14.434(0.032) OAO
56145.6 13.2 14.757(0.028) 14.439(0.028) 14.392(0.032) OAO
56146.6 14.2 14.878(0.038) 14.397(0.036) 14.252(0.046) AO
56147.6 15.2 14.898(0.035) 14.542(0.031) 14.414(0.036) OAO
56147.6 15.2 14.932(0.034) 14.538(0.030) 14.394(0.034) OAO
56147.7 15.3 14.954(0.106) 14.566(0.087) 14.346(0.016) IAO
56148.6 16.2 14.985(0.038) 14.559(0.031) 14.370(0.036) OAO
56148.6 16.2 15.013(0.043) 14.571(0.033) 14.392(0.037) OAO
56148.6 16.2 14.961(0.041) 14.548(0.032) 14.366(0.038) OAO
56150.7 18.3 15.169(0.038) 14.594(0.031) 14.391(0.036) OAO
56151.6 19.2 15.288(0.106) 14.662(0.087) 14.364(0.014) IAO
56152.7 20.3 15.432(0.106) 14.721(0.087) 14.353(0.012) IAO
56153.5 21.1 15.496(0.106) 14.749(0.088) 14.333(0.015) IAO
56154.6 22.2 15.607(0.031) 14.737(0.029) 14.379(0.032) OAO
56154.6 22.2 15.540(0.032) 14.718(0.028) 14.400(0.032) OAO
56154.6 22.2 15.557(0.031) 14.747(0.029) 14.389(0.034) OAO
56155.6 23.2 15.633(0.030) 14.789(0.029) 14.388(0.032) OAO
56155.6 23.2 15.681(0.031) 14.755(0.028) 14.393(0.031) OAO
56155.6 23.2 15.692(0.030) 14.778(0.028) 14.389(0.031) OAO
56156.6 24.2 15.729(0.036) 14.793(0.029) 14.409(0.032) OAO
56156.6 24.2 15.799(0.038) 14.816(0.029) 14.437(0.033) OAO
56156.6 24.2 15.726(0.040) 14.828(0.030) 14.414(0.032) OAO
56158.6 26.2 15.931(0.033) 14.914(0.028) 14.448(0.031) OAO
56158.6 26.2 15.955(0.107) 14.848(0.088) 14.416(0.014) IAO
56158.6 26.2 15.901(0.031) 14.916(0.029) 14.435(0.032) OAO
56158.6 26.2 15.920(0.031) 14.867(0.028) 14.448(0.031) OAO
56159.6 27.2 15.995(0.033) 14.930(0.029) 14.478(0.032) OAO
56159.6 27.2 16.075(0.106) 14.962(0.087) 14.473(0.012) IAO
56159.6 27.2 15.983(0.031) 14.946(0.029) 14.491(0.032) OAO
56159.6 27.2 16.043(0.034) 14.927(0.029) 14.484(0.032) OAO
56160.6 28.2 16.061(0.039) 14.992(0.030) 14.537(0.033) OAO
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Table 3. (Continued)
MJD Phase g′ R I Observatories
56160.6 28.2 16.064(0.035) 14.980(0.030) 14.523(0.034) OAO
56160.6 28.2 16.099(0.042) 14.997(0.030) 14.526(0.034) OAO
56164.7 32.3 16.245(0.039) 15.138(0.030) 14.620(0.032) OAO
56165.6 33.2 16.238(0.036) 15.153(0.030) 14.662(0.033) OAO
56169.6 37.2 16.682(0.127) 15.217(0.035) 14.803(0.040) OAO
56171.5 39.1 16.632(0.106) 15.460(0.087) · · · IAO
56172.6 40.2 16.626(0.106) 15.453(0.087) · · · IAO
56173.5 41.1 16.197(0.108) 15.351(0.064) 14.686(0.066) AO
56174.6 42.2 16.576(0.107) 15.470(0.087) 14.844(0.014) IAO
56178.6 46.2 16.694(0.057) 15.643(0.034) 15.154(0.041) OAO
56178.6 46.2 16.856(0.107) 15.759(0.087) 15.146(0.013) IAO
56179.5 47.1 16.884(0.107) 15.800(0.088) 15.191(0.014) IAO
56180.5 48.1 16.512(0.069) · · · · · · AO
56182.5 50.1 16.943(0.107) 15.901(0.088) 15.293(0.014) IAO
56182.5 50.1 16.659(0.093) 15.857(0.046) 15.225(0.044) OAO
56183.5 51.1 16.943(0.107) 15.947(0.087) 15.309(0.014) IAO
56184.5 52.1 16.966(0.107) 15.947(0.087) 15.306(0.014) IAO
56187.6 55.2 17.054(0.107) 16.053(0.087) 15.521(0.014) IAO
56191.5 59.1 17.210(0.107) 16.280(0.088) 15.639(0.014) IAO
56224.5 92.1 17.925(0.111) 17.611(0.092) 17.087(0.031) IAO
56226.5 94.1 18.012(0.109) 17.721(0.090) 17.160(0.026) IAO
56238.5 106.1 18.129(0.113) 17.962(0.097) 17.587(0.056) IAO
56239.5 107.1 18.235(0.115) 18.090(0.096) 17.745(0.054) IAO
Table 4. Araki telescope photometry of SN 2012dn in the g′i′z′BV I bands
MJD Phase B V I g′ i′ z′
56125.7 -6.7 14.598(0.019) 14.544(0.011) 14.513(0.012) 14.523(0.014) 14.829(0.011) 14.988(0.000)
56126.7 -5.7 14.511(0.019) 14.454(0.015) 14.454(0.016) 14.445(0.015) 14.790(0.012) 14.931(0.000)
56131.7 -0.7 14.341(0.020) 14.269(0.014) 14.282(0.012) 14.248(0.015) 14.621(0.011) 14.650(0.000)
56132.7 0.3 14.355(0.032) 14.346(0.036) 14.260(0.041) 14.240(0.017) 14.607(0.012) 14.622(0.001)
56133.6 1.2 14.393(0.052) 14.201(0.025) 14.258(0.033) 14.251(0.015) 14.618(0.012) 14.478(0.003)
56134.7 2.3 14.359(0.021) 14.254(0.013) 14.264(0.012) 14.260(0.015) 14.613(0.013) 14.582(0.000)
56135.7 3.3 14.374(0.021) 14.215(0.016) 14.255(0.012) 14.254(0.014) 14.603(0.010) 14.568(0.000)
56138.6 6.2 14.461(0.019) 14.275(0.012) 14.265(0.012) 14.305(0.014) 14.618(0.010) 14.511(0.000)
56139.6 7.2 14.519(0.019) 14.286(0.013) 14.252(0.018) 14.335(0.016) 14.606(0.014) 14.481(0.000)
56140.7 8.3 14.577(0.019) 14.313(0.012) 14.263(0.016) 14.371(0.015) 14.625(0.013) 14.456(0.001)
56141.6 9.2 14.668(0.036) 14.350(0.015) 14.227(0.034) 14.424(0.018) 14.630(0.017) 14.444(0.003)
56142.6 10.2 14.730(0.020) 14.368(0.012) 14.276(0.014) 14.466(0.015) 14.656(0.012) 14.461(0.000)
56143.6 11.2 14.797(0.019) 14.380(0.012) 14.296(0.012) 14.505(0.015) 14.645(0.012) 14.439(0.000)
56145.6 13.2 14.983(0.020) 14.449(0.016) 14.304(0.013) 14.647(0.015) 14.682(0.012) 14.420(0.000)
56146.6 14.2 15.088(0.019) 14.492(0.017) 14.320(0.012) 14.722(0.015) 14.691(0.015) 14.420(0.000)
56147.6 15.2 15.195(0.020) 14.549(0.012) 14.328(0.011) 14.792(0.015) 14.704(0.012) 14.433(0.000)
56148.6 16.2 15.299(0.020) 14.598(0.011) 14.320(0.013) 14.877(0.015) 14.713(0.012) 14.426(0.000)
56163.6 31.2 16.584(0.024) 15.436(0.012) 14.535(0.011) 16.081(0.018) 14.934(0.011) 14.660(0.000)
56174.6 42.2 · · · 15.903(0.025) 14.923(0.013) 16.590(0.039) 15.344(0.015) 15.025(0.000)
56181.5 49.1 17.200(0.031) 16.084(0.017) 15.191(0.012) 16.747(0.018) 15.648(0.012) 15.291(0.000)
56183.5 51.1 · · · 16.076(0.040) 15.234(0.019) 16.794(0.036) 15.717(0.013) 15.376(0.000)
56196.5 64.1 · · · 16.593(0.018) 15.805(0.016) 17.095(0.022) 16.280(0.015) 15.976(0.000)
56197.5 65.1 · · · · · · · · · · · · · · · 15.947(0.000)
56198.5 66.1 · · · · · · · · · · · · · · · 16.075(0.001)
Table 5. OKU 51cm telescope photometry of SN 2012dn in the BV RI bands
MJD Phase B V R I Instruments
56123.6 -8.8 15.024(0.022) · · · 14.052(0.025) · · · ST10
56124.7 -7.7 14.791(0.030) 14.740(0.023) 14.696(0.025) 14.655(0.036) ST10
56125.6 -6.8 14.708(0.020) 14.659(0.019) 14.631(0.028) 14.594(0.029) ST10
56126.6 -5.8 14.641(0.025) 14.413(0.011) 14.541(0.036) 14.532(0.028) ST10
56131.6 -0.8 14.442(0.022) 14.392(0.021) 14.356(0.065) 14.279(0.137) ST10
56132.7 0.3 14.578(0.058) 14.364(0.023) 14.363(0.050) 14.364(0.036) ST10
56133.6 1.2 · · · 14.381(0.011) 14.286(0.095) 14.339(0.027) ST10
56134.7 2.3 · · · 14.369(0.021) 14.306(0.030) 14.344(0.040) ST10
56136.6 4.2 · · · 14.392(0.038) 14.346(0.039) · · · Andor
56137.7 5.3 · · · 14.373(0.075) · · · · · · Andor
56141.7 9.3 · · · 14.431(0.033) 14.408(0.042) · · · Andor
56142.6 10.2 14.782(0.030) 14.495(0.017) 14.402(0.026) 14.354(0.028) Andor
56143.6 11.2 14.892(0.042) 14.510(0.025) 14.597(0.171) · · · Andor
56146.6 14.2 15.236(0.023) 14.627(0.016) 14.510(0.030) 14.368(0.026) Andor
56147.7 15.3 15.288(0.027) 14.679(0.016) 14.553(0.030) 14.378(0.034) Andor
56154.6 22.2 16.198(0.035) 15.069(0.031) 14.756(0.028) 14.367(0.028) Andor
56155.6 23.2 · · · 15.126(0.024) 14.782(0.040) 14.378(0.028) ST10
56156.6 24.2 · · · · · · 14.780(0.026) 14.414(0.026) Andor
56158.6 26.2 · · · 15.293(0.025) 14.895(0.029) 14.442(0.037) ST10
56159.6 27.2 · · · 15.240(0.046) · · · · · · ST10
56161.6 29.2 · · · · · · · · · 14.415(0.278) ST10
56164.6 32.2 · · · · · · 15.058(0.027) · · · Andor
56165.6 33.2 · · · · · · 15.093(0.026) 14.644(0.027) Andor
56174.6 42.2 · · · · · · 15.404(0.050) · · · Andor
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Table 6. HOWPol photometry of SN 2012dn in the UBV RI bands
MJD Phase B V R I z′ +Y
56131.6 -0.8 14.425(0.036) 14.303(0.029) 14.314(0.041) 14.341(0.048) 14.777(0.068)
56132.6 0.2 14.439(0.028) 14.316(0.024) 14.300(0.041) 14.323(0.038) 14.719(0.062)
56133.7 1.3 14.461(0.028) 14.305(0.023) 14.274(0.035) 14.302(0.038) 14.677(0.065)
56134.7 2.3 14.481(0.050) 14.337(0.029) 14.278(0.056) 14.322(0.053) 14.668(0.069)
56135.7 3.3 · · · 14.526(0.126) 14.298(0.073) 14.399(0.085) 14.746(0.078)
56137.5 5.1 14.623(0.089) 14.389(0.091) 14.291(0.039) 14.294(0.041) 14.631(0.064)
56138.6 6.2 14.668(0.056) 14.366(0.034) 14.349(0.033) 14.294(0.045) 14.680(0.086)
56139.6 7.2 14.687(0.045) 14.382(0.040) 14.286(0.034) 14.334(0.055) 14.581(0.078)
56140.6 8.2 14.792(0.047) 14.396(0.029) 14.371(0.038) 14.400(0.045) 14.652(0.070)
56141.7 9.3 14.816(0.037) 14.481(0.027) 14.370(0.044) 14.383(0.055) 14.643(0.062)
56142.6 10.2 14.926(0.060) 14.424(0.050) 14.369(0.072) 14.347(0.117) 14.616(0.081)
56143.6 11.2 15.002(0.033) 14.442(0.033) 14.417(0.034) 14.355(0.042) 14.605(0.065)
56146.5 14.1 · · · 14.567(0.022) 14.487(0.026) 14.368(0.025) 14.515(0.130)
56149.5 17.1 15.644(0.040) 14.696(0.047) 14.553(0.042) 14.383(0.047) 14.540(0.070)
56150.5 18.1 15.868(0.074) 14.827(0.050) 14.713(0.049) 14.577(0.058) 14.680(0.129)
56155.5 23.1 16.355(0.043) 15.009(0.030) 14.776(0.049) 14.409(0.055) 14.530(0.074)
56156.5 24.1 16.393(0.058) 15.100(0.074) 14.836(0.068) 14.536(0.056) 14.574(0.078)
56158.5 26.1 16.704(0.049) 15.271(0.033) 14.984(0.074) 14.555(0.042) 14.656(0.076)
56159.6 27.2 16.745(0.040) 15.267(0.043) 14.915(0.033) 14.508(0.042) 14.607(0.070)
56160.5 28.1 16.858(0.048) 15.302(0.030) 14.994(0.038) 14.565(0.038) 14.662(0.069)
56161.5 29.1 16.845(0.066) 15.345(0.047) 15.028(0.049) 14.624(0.036) 14.594(0.107)
56162.5 30.1 · · · 15.525(0.033) · · · · · · · · ·
56163.6 31.2 16.986(0.066) 15.468(0.050) 15.142(0.053) 14.602(0.057) 14.687(0.090)
56164.6 32.2 17.057(0.061) 15.487(0.053) 15.145(0.029) 14.644(0.041) 14.737(0.101)
56165.6 33.2 17.120(0.059) 15.495(0.019) 15.152(0.031) 14.689(0.027) 14.760(0.080)
56170.5 38.1 · · · 15.717(0.073) 15.393(0.061) 14.888(0.045) 14.893(0.071)
56172.5 40.1 17.430(0.043) 15.841(0.033) 15.498(0.043) 14.926(0.046) 15.001(0.066)
56182.5 50.1 17.649(0.058) 16.119(0.037) 15.900(0.044) 15.335(0.051) 15.336(0.071)
56184.5 52.1 17.753(0.086) 16.207(0.044) 16.001(0.043) 15.407(0.035) 15.426(0.067)
56187.5 55.1 17.702(0.066) 16.279(0.021) 16.062(0.046) 15.682(0.104) · · ·
56188.6 56.2 17.873(0.089) 16.276(0.031) 16.110(0.044) 15.540(0.044) · · ·
56193.5 61.1 17.937(0.098) 16.490(0.042) 16.348(0.039) 15.781(0.040) 15.766(0.065)
56196.5 64.1 · · · 16.737(0.127) · · · 15.921(0.086) 15.845(0.097)
56202.5 70.1 17.902(0.066) 17.118(0.051) · · · · · · 16.175(0.063)
56203.5 71.1 18.019(0.092) 17.166(0.037) · · · · · · · · ·
56207.5 75.1 18.058(0.074) 16.949(0.038) 16.800(0.047) 16.308(0.047) 16.469(0.071)
56209.5 77.1 · · · 17.191(0.044) 17.059(0.178) 16.338(0.050) 16.491(0.076)
56211.5 79.1 · · · · · · 16.777(0.042) · · · · · ·
56212.4 80.0 · · · 17.005(0.028) 16.895(0.029) 16.417(0.039) 16.644(0.069)
56213.4 81.0 · · · 17.207(0.057) 17.186(0.112) 16.585(0.032) · · ·
56214.5 82.1 · · · · · · 16.756(0.050) 16.607(0.054) 16.853(0.073)
56215.5 83.1 · · · 17.229(0.051) 17.050(0.039) 16.582(0.049) 16.671(0.073)
56216.5 84.1 · · · · · · 16.880(0.037) 16.550(0.053) 16.696(0.078)
56220.5 88.1 · · · 17.454(0.058) 17.239(0.036) 16.805(0.047) 17.059(0.087)
56221.4 89.0 · · · 17.328(0.064) 17.096(0.061) 16.636(0.050) 16.773(0.082)
56223.4 91.0 · · · 17.704(0.233) 17.369(0.113) 17.069(0.093) 17.091(0.112)
56224.4 92.0 · · · 17.175(0.071) 17.085(0.083) 16.500(0.093) 16.894(0.118)
56225.4 93.0 · · · 17.259(0.084) 17.164(0.076) 16.890(0.076) · · ·
56226.4 94.0 · · · 17.354(0.076) 17.183(0.090) · · · · · ·
56228.4 96.0 · · · · · · 16.904(0.086) 16.676(0.068) 16.834(0.089)
56228.4 96.0 · · · · · · · · · 16.676(0.076) 16.605(0.532)
56233.4 101.0 · · · · · · · · · 17.107(0.062) · · ·
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Table 7. NIR-band photometry of SN 2012dn
MJD Phase J H Ks Instruments
56120.8 -11.6 15.09(0.04) 15.09(0.04) 15.04(0.09) IRSF
56125.1 -7.3 14.62(0.03) 14.70(0.03) 14.57(0.06) IRSF
56125.7 -6.7 14.67(0.19) 14.72(0.02) · · · NIC
56126.1 -6.3 14.56(0.03) 14.58(0.03) 14.56(0.07) IRSF
56127.1 -5.3 14.50(0.03) 14.59(0.03) 14.58(0.08) IRSF
56129.6 -2.8 14.68(0.02) 14.82(0.04) · · · IR Cam
56132.0 -0.4 14.34(0.03) 14.44(0.03) 14.24(0.05) IRSF
56132.7 0.3 14.34(0.03) · · · · · · IR Cam
56133.0 0.6 14.43(0.03) 14.46(0.03) 14.19(0.05) IRSF
56133.6 1.2 14.55(0.05) 14.63(0.05) · · · IR Cam
56133.7 1.3 14.39(0.12) 14.64(0.09) · · · NIC
56133.7 1.3 · · · · · · 14.36(0.20) NIC
56134.0 1.6 14.42(0.03) 14.46(0.03) 14.37(0.08) IRSF
56134.6 2.2 14.46(0.03) 14.51(0.02) 14.37(0.06) NIC
56135.6 3.2 14.36(0.17) 14.50(0.07) 14.45(0.10) NIC
56136.0 3.6 14.38(0.03) 14.38(0.03) 14.21(0.05) IRSF
56136.6 4.2 14.55(0.07) 14.52(0.02) 14.43(0.08) NIC
56137.0 4.6 14.43(0.03) 14.43(0.03) 14.37(0.05) IRSF
56137.6 5.2 14.51(0.04) 14.48(0.03) 14.36(0.05) NIC
56138.0 5.6 14.39(0.03) 14.34(0.03) 14.16(0.05) IRSF
56138.6 6.2 14.56(0.01) 14.49(0.02) 14.34(0.04) NIC
56139.0 6.6 14.40(0.03) 14.34(0.03) 14.22(0.05) IRSF
56139.6 7.2 14.52(0.03) 14.46(0.01) 14.33(0.03) NIC
56140.6 8.2 14.61(0.12) 14.47(0.04) 14.36(0.05) NIC
56141.1 8.7 14.48(0.03) 14.27(0.03) 14.13(0.05) IRSF
56141.6 9.2 14.61(0.02) 14.44(0.02) 14.26(0.04) NIC
56142.1 9.7 14.51(0.03) 14.38(0.03) 14.25(0.06) IRSF
56143.1 10.7 14.60(0.03) 14.41(0.03) 14.10(0.05) IRSF
56143.6 11.2 14.71(0.02) 14.42(0.01) 14.27(0.05) NIC
56145.6 13.2 14.80(0.03) 14.42(0.02) 14.29(0.02) NIC
56146.7 14.3 14.80(0.06) · · · · · · IR Cam
56149.1 16.7 14.73(0.04) 14.32(0.03) 14.16(0.06) IRSF
56153.0 20.6 14.72(0.04) 14.26(0.03) 14.25(0.06) IRSF
56156.6 24.2 14.85(0.04) · · · · · · IR Cam
56159.6 27.2 14.74(0.04) 14.31(0.01) 14.22(0.04) NIC
56161.0 28.6 14.60(0.03) 14.22(0.03) 14.13(0.04) IRSF
56163.0 30.6 14.55(0.03) 14.21(0.03) 14.12(0.05) IRSF
56164.6 32.2 14.73(0.00) 14.29(0.01) 14.21(0.04) NIC
56165.6 33.2 14.73(0.01) 14.26(0.01) 14.13(0.05) NIC
56166.9 34.5 14.64(0.03) 14.19(0.03) 14.05(0.05) IRSF
56174.6 42.2 14.98(0.04) 14.32(0.01) 14.09(0.05) NIC
56174.8 42.4 14.82(0.03) 14.27(0.02) 13.94(0.04) IRSF
56175.8 43.4 14.87(0.04) 14.19(0.03) 13.89(0.04) IRSF
56176.8 44.4 14.94(0.04) 14.24(0.03) 14.00(0.05) IRSF
56177.7 45.3 15.01(0.04) 14.23(0.03) 13.94(0.05) IRSF
56178.7 46.3 14.99(0.04) 14.23(0.03) 13.97(0.05) IRSF
56180.7 48.3 15.05(0.04) 14.27(0.03) 13.85(0.04) IRSF
56181.7 49.3 15.07(0.04) 14.28(0.03) 13.86(0.05) IRSF
56182.6 50.2 15.55(0.05) · · · · · · IR Cam
56182.7 50.3 15.25(0.05) 14.27(0.03) 13.80(0.05) IRSF
56183.5 51.1 15.68(0.05) 14.39(0.04) 13.98(0.06) IR Cam
56184.7 52.3 15.24(0.05) 14.33(0.03) 13.86(0.04) IRSF
56185.7 53.3 15.22(0.05) 14.27(0.03) 13.83(0.05) IRSF
56186.7 54.3 15.10(0.05) 14.29(0.03) 13.83(0.06) IRSF
56189.8 57.4 15.38(0.04) 14.38(0.03) 13.78(0.03) IRSF
56190.7 58.3 15.43(0.05) 14.39(0.02) 13.78(0.03) IRSF
56192.7 60.3 15.43(0.05) 14.41(0.03) 13.81(0.03) IRSF
56193.5 61.1 15.54(0.05) · · · · · · IR Cam
56194.7 62.3 15.35(0.07) 14.40(0.03) 13.88(0.04) IRSF
56195.7 63.3 15.59(0.06) 14.39(0.03) 13.80(0.05) IRSF
56196.6 64.2 15.85(0.06) 14.60(0.03) 13.84(0.05) NIC
56196.7 64.3 15.69(0.06) 14.52(0.03) 13.82(0.05) IRSF
56199.7 67.3 15.62(0.06) 14.51(0.03) 13.83(0.04) IRSF
56200.7 68.3 15.87(0.09) 14.50(0.04) 13.77(0.05) IRSF
56201.5 69.1 · · · 14.44(0.07) 13.83(0.07) IR Cam
56201.7 69.3 15.60(0.06) 14.53(0.04) 13.71(0.04) IRSF
56202.5 70.1 · · · 14.80(0.05) 13.83(0.05) IR Cam
56202.5 70.1 15.92(0.11) 14.70(0.03) 14.00(0.04) NIC
56202.7 70.3 15.97(0.07) 14.69(0.04) 13.87(0.05) IRSF
56203.8 71.4 15.77(0.05) 14.60(0.03) 13.84(0.03) IRSF
56204.5 72.1 16.04(0.18) 14.91(0.04) 14.09(0.09) NIC
56204.5 72.1 · · · 14.66(0.08) 13.78(0.06) IR Cam
56205.5 73.1 · · · · · · 13.96(0.06) IR Cam
56205.7 73.3 15.79(0.07) 14.62(0.04) 13.80(0.04) IRSF
56207.5 75.1 16.12(0.27) 14.83(0.03) 14.01(0.04) NIC
56208.5 76.1 · · · · · · 14.07(0.04) IR Cam
56208.8 76.4 15.94(0.07) 14.68(0.04) 13.94(0.05) IRSF
56210.4 78.0 · · · 14.95(0.09) · · · IR Cam
56211.5 79.1 · · · 14.81(0.05) · · · IR Cam
56211.8 79.4 16.22(0.08) 14.86(0.04) 13.91(0.04) IRSF
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56212.5 80.1 16.43(0.22) 15.00(0.10) 14.13(0.07) NIC
56212.5 80.1 · · · · · · 14.08(0.10) IR Cam
56212.8 80.4 16.04(0.08) 14.84(0.05) 13.95(0.05) IRSF
56213.9 81.5 16.13(0.07) 14.87(0.04) 14.01(0.05) IRSF
56214.5 82.1 16.53(0.21) 15.19(0.12) 14.24(0.09) NIC
56216.4 84.0 · · · 15.26(0.04) 14.34(0.07) NIC
56220.4 88.0 · · · 15.13(0.11) 14.36(0.12) IR Cam
56223.4 91.0 · · · 15.08(0.08) 14.33(0.08) IR Cam
56225.8 93.4 16.71(0.11) 15.17(0.05) 14.26(0.06) IRSF
56226.4 94.0 16.68(0.25) 15.60(0.05) 14.48(0.07) NIC
56226.8 94.4 16.72(0.13) 15.29(0.06) 14.16(0.06) IRSF
56227.8 95.4 16.59(0.17) 15.18(0.08) 14.21(0.10) IRSF
56228.4 96.0 · · · · · · 14.24(0.06) IR Cam
56228.7 96.3 16.71(0.16) 15.40(0.08) 14.11(0.07) IRSF
56231.8 99.4 16.81(0.10) 15.40(0.05) 14.26(0.04) IRSF
56232.8 100.4 16.92(0.11) 15.50(0.05) 14.33(0.05) IRSF
56233.8 101.4 16.95(0.14) 15.59(0.07) 14.35(0.06) IRSF
56237.4 105.0 · · · 16.31(0.25) 15.13(0.37) NIC
56238.7 106.3 17.50(0.25) 15.72(0.07) 14.40(0.06) IRSF
56240.7 108.3 16.88(0.09) 15.62(0.05) 14.50(0.05) IRSF
56241.7 109.3 17.03(0.11) 15.73(0.06) 14.53(0.05) IRSF
56242.7 110.3 17.08(0.16) 15.83(0.09) 14.45(0.06) IRSF
56242.7 110.3 17.08(0.16) 15.83(0.09) 14.45(0.06) IRSF
56243.8 111.4 17.18(0.11) 15.73(0.06) 14.48(0.04) IRSF
56243.8 111.4 17.18(0.11) 15.73(0.06) 14.48(0.04) IRSF
56244.8 112.4 17.24(0.13) 15.74(0.06) 14.57(0.05) IRSF
56244.8 112.4 17.24(0.13) 15.74(0.06) 14.57(0.05) IRSF
56245.7 113.3 17.63(0.20) 15.80(0.05) 14.68(0.05) IRSF
56246.7 114.3 17.11(0.14) 15.88(0.06) 14.55(0.05) IRSF
56247.7 115.3 17.01(0.11) 15.81(0.05) 14.76(0.05) IRSF
56248.7 116.3 17.24(0.14) 16.12(0.07) 14.78(0.06) IRSF
56249.8 117.4 17.24(0.12) 15.89(0.06) 14.70(0.05) IRSF
56250.7 118.3 17.24(0.12) 16.01(0.06) 14.75(0.05) IRSF
56251.7 119.3 17.83(0.19) 16.14(0.07) 14.94(0.05) IRSF
56257.8 125.4 · · · 15.96(0.09) 15.13(0.13) IRSF
56259.8 127.4 · · · 16.70(0.25) 15.16(0.18) IRSF
56264.8 132.4 · · · 16.38(0.12) 15.11(0.10) IRSF
56267.8 135.4 · · · 16.77(0.13) 15.24(0.08) IRSF
56268.8 136.4 · · · 16.51(0.11) 15.23(0.08) IRSF
56269.8 137.4 · · · 16.34(0.12) 15.42(0.12) IRSF
56272.8 140.4 · · · 16.80(0.17) 15.32(0.10) IRSF
56348.1 215.7 > 19.05 > 20.82 > 19.39 IRSF
Table 8. Log of spectroscopic observations of SN 2012dn
MJD Phase Coverage Resolutions Instruments
56131.6 -0.8 4500-9000A˚ 15.0A˚ HOWPol
56132.6 0.2 4500-9000A˚ 15.0A˚ HOWPol
56133.7 1.3 4500-9000A˚ 15.0A˚ HOWPol
56134.7 2.3 4500-9000A˚ 15.0A˚ HOWPol
56137.5 5.1 4500-9000A˚ 15.0A˚ HOWPol
56138.6 6.2 4500-9000A˚ 15.0A˚ HOWPol
56139.6 7.2 4500-9000A˚ 15.0A˚ HOWPol
56140.6 8.2 4500-9000A˚ 15.0A˚ HOWPol
56141.6 9.2 4500-9000A˚ 15.0A˚ HOWPol
56142.6 10.2 4500-9000A˚ 15.0A˚ HOWPol
56143.6 11.2 4500-9000A˚ 15.0A˚ HOWPol
56149.6 17.2 4500-9000A˚ 15.0A˚ HOWPol
56150.5 18.1 4500-9000A˚ 15.0A˚ HOWPol
56155.5 23.1 4500-9000A˚ 15.0A˚ HOWPol
56156.5 24.1 4500-9000A˚ 15.0A˚ HOWPol
56158.5 26.1 4500-9000A˚ 15.0A˚ HOWPol
56159.6 27.2 4500-9000A˚ 15.0A˚ HOWPol
56160.5 28.1 4500-9000A˚ 15.0A˚ HOWPol
56163.6 31.2 4500-9000A˚ 15.0A˚ HOWPol
56164.6 32.2 4500-9000A˚ 15.0A˚ HOWPol
56165.6 33.2 4500-9000A˚ 15.0A˚ HOWPol
56170.5 38.1 4500-9000A˚ 15.0A˚ HOWPol
56172.5 40.1 4500-9000A˚ 15.0A˚ HOWPol
56182.5 50.1 4500-9000A˚ 15.0A˚ HOWPol
56183.5 51.1 4500-9000A˚ 15.0A˚ HOWPol
56184.5 52.1 4500-9000A˚ 15.0A˚ HOWPol
56193.5 61.1 4500-9000A˚ 15.0A˚ HOWPol
56196.5 64.1 4500-9000A˚ 15.0A˚ HOWPol
56197.4 65.0 4500-9000A˚ 15.0A˚ HOWPol
